Natural rubber (NR) latex is considered as a "green material" because of its natural origin and a sustainable choice as well as it minimizes environmental impacts so that it has become an integral part of our daily lives. However, natural latex may contain allergenic proteins that need to be removed and this process affects the properties of vulcanized materials. In this study, an attempt has been made to incorporate cerium oxide (CeO 2 ) into low-protein NR latex and effect of CeO 2 content on the mechanical properties of the CeO 2 / vulcanized rubber composite films such as tensile modulus 100 % (M100), tensile modulus 300 % (M300), tensile strength, tear strength was investigated. The results show that the properties of low-protein NR films were stable after 48 hrs of incubation. In particular, the mechanical properties were remarkably improved while increasing CeO 2 content from 2 to 4 phr. In addition, aging resistance (AR) ability by evidence of thermal degradation and Q-sun environment test in the presence of CeO 2 (4 phr) is excellent whilst AR coefficient is closest to zero. This research has provided an initial prospect of the use of rare earth oxide to produce commercially valuable products from the natural rubber resources in Viet Nam.
INTRODUCTION
Viet Nam has a tropical monsoon climate with high humidity and constant warm temperature which is the optimum climatic condition for a rubber tree cultivation. The rubber industry has occupied a significant contribution to the economy of Viet Nam and produces up to 307,108 tons of latex in 2018 (according to the report of Viet Nam Rubber Industry Group, 2018). Therefore, improving the quality as well as enhancing the features for the existing rubber products are required in order to increase the value and competitiveness of them in the domestic and world markets. Natural rubber (NR) is an unsaturated polymer and thus is susceptible to environmental factors such as oxygen, ozone, sunlight, and temperature. In addition, the disadvantage of natural rubber latex is that it might contain protein components which affect the properties of the final products and the health of customers using those [1] . Recently, how to improve the quality of products such as lower protein content, increasing life cycle of rubber items has attracted significant attention of scientists and natural rubber manufacturers. There have been many reports that demonstrated successfully physical and chemical methods to remove proteins, which could cause allergies, in natural rubber latex [2] [3] . In Viet Nam, lowprotein content natural rubber latex (Ultra Low Protein Latex -ULPL), which has the total nitrogen content less than 0.05 % of total weight, has been commercialized. However, the investigation of applied properties as well as improving its properties has not been well-reported.
Cerium oxide is one of the abundant rare earth compounds that has many interesting characteristics such as heat resistance, good UV absorption, facilitating catalytic activity and thermal oxidation resistance. Therefore, cerium oxide has also reported as reinforcing agent that could apply for enhancing the properties of the rubber [4] [5] [6] [7] [8] , especially of natural rubber [6] [7] [8] .
In 2001, Qiu Guanming and his colleagues reported that the mechanical properties of NR/CeO 2 nanocomoposite samples were improved as well as their decomposition temperature was increased by the evidence of thermogravimetric analysis (TGA) [6] . In recent years, the impact of CeO 2 nanoparticles on properties of natural rubber and other factors such as particle size, content and surface structures of CeO 2 nanoparticles powder on natural rubber have been investigated by many scientists. It was found that rubber compound containing CeO 2 nanoparticles has a shorter vulcanization time [8] , improving the mechanical properties and thermal aging resistance of vulcanized rubber, as well as increasing tear resistance and abrasion resistance when compares to non-containing CeO 2 nanoparticles natural rubber [6] [7] [8] . However, all those samples were prepared by mixing CeO 2 in bulk rubber with the rolling mixed method. It is difficult to disperse CeO 2 into NR latex because CeO 2 is high density and it could deposit with an inappropriate size during dispersion into rubber latex. In the dipping processes, a stable colloidal system is maintained for the desired time, after which the system is made unstable to convert the same to a solid product. In this study, we use low-protein content natural rubber latex, new material in Viet Nam, and small size particles of CeO 2 to deal with sedimentation. The effect of CeO 2 on mechanical properties and aging resistance of the NR/CeO 2 nanocomposite films was presented.
MATERIALS AND METHODS

Materials
Ultra low protein latex with high ammonia (ULPL-HA) was provied from Dau Tieng rubber corporation, Viet Nam. Cerium oxide CeO 2 -C103984-500g (99,99 %, particle size ~50 nm) was supplied by Aladdin Industrial Corporation, China and other CeO 2 was synthesized according to reference [9] . Synthesized CeO 2 was measured by X-Ray Diffractometer (XRD) to define the face-centered cubic crystal structure of CeO 2 as those reported previously [9] . The particle sizes of the synthesized CeO 2 were measured to be in 1-120 nm with an average size in 98 nm by Dynamic Light Scattering (DLS) technique. Other chemicals were Viet Nam industrial chemicals including: zinc 2-mercaptobenzothiazole (ZMBT), zinc dibutyl dithiocarbamate (ZDBC), ZnO, stearic acid, sulfur, lowinox hindered phenolic antioxidants (Lowinox), tamol dispersants.
Methods
To start with, a coarse slurry of powdered ingredient was made in water along with dispersing agents and then it was ground in a ball mill to produce a stable dispersion. The compounding ingredients according to Table 1 were added to ULPL-HA (total solid content ~ 60 %) as aqueous solutions, dispersions. To prepare the NR/ CeO2 composites, a certain amount of dispersed CeO 2 was added into ULPL-HA solutions. The mixture was stirred at 350 rpm in 20 minutes, then the mixing vessel was put to an ultrasonic bath in order to sonicate sample in 30 minutes. Next, the mixture was allowed to stand for an extra 12 hrs to 72 hrs to stabilize and prevulcanize. Finally, the mixture was used to create a thin film by dipping process. 
Characterizations
The evaluation values were obtained by the following standard tests, and the value was the average of five measurements for each tests as follows: 
RESULTS AND DISCUSSION
Effect of pre-vulcanization time to ULPL-HA film properties
Annealing time and stability of embedded mixture are significant in latex dipping manufacturing, because those factors change the viscosity of the dipping mixture, the achievement of some pre-vulcanization during the process of 'maturation' in the dispersed rubber phase affecting the uniformity, thickness and mechanical properties of the film. Some studies reported that protein could stabilize latex and affect the pre-vulcanization [2] [3] . Therefore, the annealing time was examined to check the effect of pre-vulcanization time to ULPL-HA film properties. The mechanical properties of the films were showed in Table 2 . The modulus 100 % of sample, which demonstrated for the short and uneven sulfur-linked, increased gradually in incubation time and reached to the highest value after 36 hrs to 48 hrs, then decreased after those times. The results indicated that the short-linked bridge was formed and rearranged to give a longer and more stable vulcanized network. The value of M300 and tensile strength increased and were stable after 48 hrs of incubation. The strain peak, which indicated the elasticity of rubber, also increased slightly at the initial formation of the network and decreased when a strong network of rubber was formed. Therefore, the optimized time for annealing is 48 hrs and used for further experiments.
Effect of CeO 2 on the mechanical properties of films
In this study, two kinds of CeO 2 particles were used. Type 1: CeO 2 was prepared according to the reference [9] , and the obtained average size of particles was 98 nm. Type 2: The commercial CeO 2 had an average particle size of 50 nm. There were three samples with a variety of types of CeO 2 . For instance, samples L1-2, L1-4, L1-6 indicate type 1 and their CeO 2 contents are 2, 4, 6 phr, respectively. These applied for samples L2-2, L2-4, L2-6 show type 2 and the CeO 2 contents are 2, 4, 6 phr, respectively. The mechanical results were summarized in Table 3 .
The results demonstrated that size and content of CeO 2 affect the mechanical properties of samples. Overall, tensile strength of type 1 CeO 2 composites was lower compared to that of type 2 CeO 2 composites. All the mechanical properties were increased except the sample with 2 phr synthesized-CeO 2 , especially the value of tear resistance increased significantly. The level of errors in the obtained average values was acceptable and little deviation from measurement standards. The results inferred the CeO 2 coordinated with rubber chains with physical interaction. The more physical interaction increased, the more breaking and tear resistances increased whilst the stretching decreased. The compound with 2 phr of CeO 2 type 1, stretching module decreased slightly, it might be explained due to the big size of particles CeO 2 in 98 nm causing the local instability of latex and lack of interaction surface with rubber. Rubber covering with CeO 2 would increase the mechanical properties, however, there was also the local surface not covered with CeO 2 which caused the mechanical properties to decrease. The type 2 of CeO 2 with small particles size (~50 nm) dispersed well in latex to form bonding and increase the mechanical properties. However, increasing the content over 6 phr, the mechanical properties increase with type 1 whilst decrease slightly with type 2. Those results showed the limited of bonding formation and dispersion of CeO 2 in rubber, depended on the specific surface areas of CeO 2 . It is pleased that the mechanical properties of both types were dramatically improved in a small content of CeO 2 (4 phr). Therefore, the sample consisting of CeO 2 with 4 phr was used in order to explore the thermal degradation resistance and environmental exposure. 
Effect of CeO 2 on the exposure aging of film
In order to investigate more effect of CeO 2 on the rubber properties, the samples were tested with thermal degradation and environmental exposure of aging Q-sun. The results were showed in Table 4 . It is suggested that CeO 2 could improve the thermal degradation of the polymer [4] [5] [6] [7] [8] , therefore, the exposure aging of samples was tested in different environments. The mechanical properties were decreased after thermal degradation and environmental exposure tests, thus, the aging resistance (AR) coefficient was negative. However, the environmental exposure aging improved significantly when compared to non-CeO 2 -sample. Especially, with commercial 4 phr CeO2 sample (L2-4), mechanical properties were improved considerably and the aging resistance was also better. They are demonstrated by the colour of samples after dried aging tests (Figure 1 ). The results could be explained by the heat transfer, heat absorption and UV absorption of CeO 2 properties. Cerium oxide absorbed the light rays in the blue or violet to transfer the oxidation state: Ce 4+ + R*→ R + + Ce 3+ . We carried out the UV-Vis experiments of 4 phr commercial-CeO 2 (L2-4) sample in both before and after environmental exposure aging tests. The results were showed in Figure 2 . According to the data and the spectra of UV-VIS experiments, the ratio of Ce 3+ and Ce 4+ in the sample before and after the aging test was defined according to the following formula:
The ratio less than 1 demonstrated that the transformation from Ce 4+ to Ce 3+ happened in the sample as predicted by the theory in [5] . 
CONCLUSIONS
In summary, the direct use of commercial CeO 2 with nano-size in the process improves the dispersion of CeO 2 into natural latex and enhances mechanical properties as well as aging resistance of low-protein rubber. With the case of ULPL-HA, the annealing time is 48 hrs. which is indifferent from industrial manufacturing by the dipping method with high ammonia concentrated latex. The acceptable errors in the obtained average values also demonstrate that CeO 2 is dispersed well in rubber and improves mechanical properties. For instance, the tensile modulus 300 % is observed in 25 N/mm 2 , the tensile strength is 35 N/mm 2 whilst the strain at break is only slightly decreased (~700 %). These characteristics are appropriate for the products which need strong mechanical properties and large deformation. Colour brightness of CeO 2rubber is the same as the original sample after aging resistance test. Therefore, it is shown that combining ULPL-HA and CeO 2 gives a high-valued rubber, which can be used in medical application such as lower-protein latex gloves. This can lead to an approach using this rubber to reduce allergic reactions in hospital stuffs.
